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Background & Alms : We Investigated if inhibition of mi- 
togen-activated protein kinases (MAPKs) was beneficial 
In Crohn's disease. Methods : inhibition of JNK and p38 
MARK activation with CNH493, a guanylhydrazone, was 
tested In vitro. Twelve patients with severe Crohn's dis- 
ease (mean baseline, CDAI 380) were randomly as- 
signed to receive either 8 or 25 mg/m* CNI-1493 daily 
for 12 days. Clinical endpolnts included safety, Crohn's 
Disease Activity Index (CDAI), Inflammatory Bowel Dis- 
ease Questionnaire, and the Crohn's Disease Endo- 
scopic Index of Severity. Results : Colonic biopsies 
displayed enhanced JNK and p38 IViAPK activation. CNI- 
1493 Inhibition of both JNK and p38 phosphorylation 
was observed In vitro. Treatment resulted in diminished 
JNK phosphorylation and tumor necrosis factor produc- 
tion as well as significant clinical benefit and rapid 
endoscopic ulcer healing. No serious adverse events 
were noted. A CDAI decrease of 120 at week 4 (P = 
0.005) and 146.5 at week 8 (P = 0.005) was observed. 
A clinical response was seen in 67% of patients at 4 
weeks and 58% at 8 weeks. Clinical remission was 
observed In 25% of patients at week 4 and 42% at week 
8. Endoscopic Improvement occurred In all but 1 patient. 
Response was seen in 3 of 6 infliximab failures, 2 of 
whom showed remission. Rstulae healing occurred In 4 
of 5 patients, and steroids were tapered In 89% of 
patients. Conclusions : Inflammatory MAPKs are criti- 
cally Involved in the pathogenesis of Crohn's disease 
and their Inhibition provides a novel therapeutic strat- 
egy. 

Crohn's disease (CD) is a chronic inflammatory disor- 
der of the gastrointestinal tract, which is thought to 
arise in genetically susceptible hosts caused, by an inap- 
propriate immunologic response against the microflora of 
the gut. The immune defect is unclear; however, recently 
a gene for CD was identified encoding NOD2, a protein 
involved in the recognition of microbes and signalling 
extents leading to an immune response.^-^ jhis finding 



directly links the mucosal immune response to enteric 
bacteria and the development of disease. 

Tumor necrosis factor (TNF) plays a central role in the 
initiation and amplification of the inflammatory reaction 
observed in CD.^ Monoclonal antibodies against TNF 
have been proven efficacious in both inducing clinical 
remission and endoscopic healing."**' An alternative 
means of inhibiting TNF action is by inhibition of 
mitogen-activated protein kinases (MAPKs), signal- 
transducing enzymes that regulate important cellular 
processes like gene expression and cell proliferation.^ 
Targeting the p38 MAPK signalling cascade led to 
reduction of lipopolysaccharide (LPS)-induced TNF pro- 
duction in rodents.^ Hence, MAPK inhibition has been 
suggested as an anti-inflammatory strategy.® However, 
evidence that these proteins are required for the patho- 
genesis of inflammatory disease and that MAPK inhibi- 
tion constitutes a therapeutic target is lacking. 

An interesting candidate would be CNI-1493, a 
guanylhydrazone that inhibits the phosphorylation of 
both p38 MAP kinase and JNK.S'^ CNI-1493 has been 
shown to inhibit macrophage activation and the produc- 
tion of several proinflammatory cytokines (TNF-a, IL-I, 
a-6, MlP-Ia, MIP-IP) and nitric oxide.»o.n Further- 
more, it was shown to be protective in a number of 
preclinical models, including endotoxic shock,^®**^ acute 
respiratory distress syndrome,*^*"* sepsis,^° pancreati- 
tis,*^»^^ experimental allergic encephalomyelitis,*' 
stroke,^^ rheumatoid arthritis, and dextran sulfete so- 
dium colitis (data on file). 



Abbreviations used In this papen CDEIS, Crohn's Disease Endo* 
scopic Index of Severity; CRP, C-reactlve protein; HRP, horseradish 
peroxidase; IBDQ» Inftammatory Bowel Disease Questionnaire; LPS, 
lipopolysacciirtde; MAPK, mitogen-activated protein kinase; PBMCs, 
peripheral blood mononuclear cell; TNF, tumor necrosis factor. 
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The goal of the current study was to investigate if 
MAP kinase aaivation was present in patients with CD, 
and to examine if inhibition of MAP kinase activation 
was a safe and effective novel therapeutic approach. 

E^stciroaE^ Methods 

Effect of CNI-1493 on JNK and p38 MAPK 
Activation In Vitro 

Peripheral blood mononuclear cells (PBMCs) obtained 
from healthy volunteers were stimulated with LPS for 15 
minutes in the presence of increasing concentrations of CNI- 
1493 or diluent. Analysis of MAPK phosphorylation was 
performed using Western blotting and phosphospecific anti- 
bodies (Cell Signalling, Beverly, MA). 

Patients 

Twelve patients were enrolled in a doubled-blinded 
fashion to receive either 8 or 25 mg/m^ of CNI-1493 intrave- 
nously once daily for 12 consecutive days. Patients were re- 
quired to suffer from moderate to severe CD, i.e., a Crohn's 
Disease Activity Index (CDAI)" of S: 220 and ^ 450; to have 
a CD history of at least 3 months duration, with colitis, ileitis, 
or ileocolitis confirmed by radiography, endoscopy, and his- 
tology. Furthermore, patients had to be on a stable dose of 
corticosteroids, aminosalicylates, or antibiotics at least 4 weeks 
before inclusion. Patients receiving methotrexate, 6-mercapto- 
purine, or azathioprine should have had stable dosages for at 
least 8 weeks before inclusion. Patients with extensive bowel 
resection (e.g., >100 cm of small bowel, proctocolectomy, or 
colectomy with ileorectal anastomosis) or fixed stenosis were 
excluded. 

The primary endpoints were safety evaluations, as deter- 
mined by occurrence of (1) adverse events and (2) stopping 
medication because of adverse events. The secondary endpoints 
were efficacy evaluations; (1) occurrence of a clinical response as 
defined by achieving a reduction of CDAI of ^25% and S70 
points as compared with baseline, occurring at least once after 
the start of treatment, and (2) occurrence of a clinical remis- 
sion, defined as a reduction of CDAI to below 130, occurring 
at least once after the start of treatment. Safety and toierabiiity 
was evaluated by clinical assessment of adverse events and 
changes in standard hematologic and biochemical laborator>' 
parameters. Other clinical assessments of efficacy included the 
Inflammatory Bowel Disease Questionnaire {IBDQ),i8 the 
Crohn's Disease Endoscopic Index of Severity (CDEIS),'^ and 
C-reactive protein (CRP) levels. Increasing IBDQ scores indi- 
cate improvement, values above 170 are considered normal. 
The CDEIS is a score, which is based on the presence of deep 
or superficial ulceration, the proportion of ulcerated surface, 
and the presence of ulcerated or nonulcerated stenosis in the 
terminal ileum and 4 diflFerent segments of the colon. At every 
visit, enterocutaneous or rectovaginal fistulas were examined to 
determine whether a fistula was present, open or closed. An 
enterocutaneous fistula was considered to be closed when it was 



no longer draining despite gentle compression. Rectovaginal 
fistulas were considered to be closed, based on either physical 
examination or absence of relevant symptoms (passage of rectal 
material or flatus from vagitu). Written informed consent has 
been obtained from all patients, and the study has been 
approved by the Ethical Committee of the Academic Medical 
Center, Amsterdam. 

Immunohistochemistry 

Mucosal biopsy specimens of the intestine were ob- 
tained during videoendoscopy at the time of screening and at 
the end of week 4 for 6 patients. At both occasions biopsies 
were taken from most affected regions of inflammation, and 
subsequently formalin fixed and paraffin embedded. If patients 
were in remission at week 4, biopsies were taken form areas 
with apparent residual inflammatory changes. As a control, 
histological normal biopsies were obtained from non-CD pa- 
tients. Paraffin sections (4 jim) were dewaxed and rehydrated 
in graded alcohols. Endogenous peroxidase activity was 
quenched with 1.5% H2O2 in phosphate-buft'ered saline (PBS) 
for 30 minutes at room temperature. Nonspecific staining was 
blocked with 10 mmol/L Tris, 5 mmol/L EDTA, 0.15 mol/L 
NaCi, 0.25% gelatin. 0.05% (vol/vol) Tween 20, pH 8.0. for 
30 minutes at room temperature. After a washing with PBS 
the after primary Abs were applied: a mouse monoclonal 
anti-human antibody to phosphorylated JNK (Santa Cruz, CA; 
1:400), a mouse monoclonal anti-human antibody to phos- 
phorylated p38 MAPK (Cell Signalling, Beverly. MA; 1:25) 
or a mouse monoclonal immunoglobulin (Ig) M Ab against 
TNF-a, clone 4C6-H6 (Instruchemie, Hilversum, the Neth- 
erlands; 1:25). Sections were stored overnight at 4**C. The 
following day sections were washed in PBS and incubated with 
a secondary biotinylated goat anti-mouse Ig Ab (DAKO, 
Glostrup, Denmark; 1:200) for 1 hour at room temperature 
and washed with PBS. Detection was performed either with 
horseradish peroxidase (HRP) as an enzyme. Sections were 
incubated with HRP conjugated ABcomplex (DAKO) for 60 
minutes and peroxidase activity was detected with diamino- 
benzidine (fast DAB, Sigma, St. Louis, MO). Sections were 
briefly counterstained with hematoxylin when appropriate, 
dehydrated in graded alcohols, and mounted. Controls con- 
sisted of omitting the primary and secondary Ab and use of an 
appropriate Ig control. 

MAPKs Activation and TNF 
Immunohistochennistry 

To assess the amount of TNF and the activity of JNK 
and p38 in situ in the human colon, screening and week 4 
specimens available from 6 patients and controls were stained 
for TNF-a and phosphorylated JNK/p38. No counterstaining 
was applied to these sections to visualize positive cell more 
clearly. Three pictures of each section were taken at X400 
magnification, and positive cells were counted, blind to treat- 
ment and day of endoscopy, in each microscope field with the 
use of an image analysis program (EFM Software, Rotterdam, 
the Netherlands). Pictures appeared randomly on a computer 
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Figure 2. Effect of CNI-1493 in vitro and in CD. {A) Effect of CNi-1493 on LPS-induced JNK and p38 MAPK phosphorylation in PBIVlCs. Cells were 
stimulated with LPS (25 ng/mL) for 15 minutes or solvent control (0) in the presence of various concentrations CNI-1493. JNK and p38 MAPK 
activation was assessed with Western blotting using antibodies against phosphorylated JNK (against both 46- and 54-kilodalton isoforms, 
1:1000) and p38 MAPK (38 kilodalton, 1:1000). (S) CNI-1493 inhibits the number of phospho-JNK and TNF-positive cells in CD. Patients received 
12 days of intravenous infusions with CNI-i493 (8 or 25 mg/m^. Paired biopsies were obtained at screening (day 1) and at week 4 for 6 patients. 
Sections were stained for phospho-JNK orTNF<x without applying hematoxylin counterstain. Three pictures of each section were taken at original 
magnification 400x. and positive cells were counted, blind to treatment and day of endoscopy, in each microscopic field with the use of an image 
analysis program. As a control. 8 histological normal biopsies were obtained from non-CD patients, and were counted in the same fashion. 
Differences between pretreatment and posttreatment reached statistical significance (JNK. •P «= 0.01; TNF, **P< 0.01). 



monitor and all intensely staining cells were marked positive 
by an observer, counted, and scored by the image analysis 
program for later data analysis. 

Statistical Analysis 

All measures of efficacy were evaluated by intention- 
to-treat analysis. Change from baseline within groups was 
analyzed by use of the Wilcoxon signed rank test. Change from 
baseline between groups at a specified time point was analyzed 
by use of the Wilcoxon rank-sum test. Comparisons between 
groups over the course of study were evaluated by use of 
repeated measures analysis of variance. Last observation carried 
forward analysis was implemented for missing data. The cor- 
relation between CDAI and CDEIS change from baseline was 
analyzed by use of the Pearson correlation coefficient. Baseline 
categorical variables were analyzed with Fisher exact test and 
continuous variables with the Wilcoxon rank-sum test. 

Results 

JNK and p38 MAPK Are Activated in 
Active CD 

Although MAPKs have been, implicated in regu- 
lation of inflammatory responses, actual involvement of 
MAPKs in chronic inflammatory disease has not yet been 
demonstrated. Recently, Waetzig et al.^° reported in- 
creased activity of stress-activated MAPKs in CD. In 
colonic biopsies taken from patients with active CD, we 
show that activation of JNK and p38 MAPK is markedly 



present (Figure I A and D). Activated p38 MAPK was 
observed in infiltrating neutrophils (Figure ID) and in 
epithelial cells (not shown). Abundant active JNK was 
observed in inflammatory cells, especially intraepithelial 
lymphocytes (lELs, CD3^) and lamina propria cells 
([LPs] macrophages, CD68"*") stained positive (Figure 1 A 
and C). Quantative comparison to histological normal 
biopsies showed that the number of phopspho-JNK pos- 
itive cells was significantly increased (Figure 2B). As 
expected, the number of TNF-a positive cells in the 
colon mucosa of CD patients was also significantly in- 
creased compared with normal controls (Figure 2B). 

CNI-1493 Is a Potent JNK and p38 IVIAPK 
Inhibitor in Vitro 

CNI-1493 is reported to inhibit stress-activated 
MAP kinases in lymphocyte cell lines.^^ To confirm 
whether this compound exerts similar action in untrans- 
formed cells, we stimulated PBMCs with LPS in the 
presence of increasing concentrations of CNI-1493. CNI- 
1493 inhibited LPS-induced phosphorylation of both 
p38 MAPK and JNK in a dose-dependent fashion, al- 
though apparently with a higher efficacy for inhibiting 
JNK (Figure 2A). Thus, CNI-1493 effectively inhibits 
the stress-activated MAPKs in untransformed cells. 
Therefore, we decided to use this inhibitor for elucidat- 
ing their role in CD. 
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Safety and Efficacy of CNI-^IASS in CD 

We included 12 patients with severe CD (Table 
1), 8 completed therapy. Two discontinued (after 6 and 
9 doses of medication, both receiving 25 mg/m^ daily) 
because of elevated alanine aminotransferase levels; one 
after 11 doses caused by a catheter-related infection (8 
mg/m^ daily), and one after 9 doses because of deterio- 
ration of CD (25 mg/m^ daily). Treatment was generally 
well tolerated, side effects included phlebitis in 2 pa- 
tients in each dosing group, and asymptomatic and tran- 
sient elevation of liver enzymes in 1 patient in the 
low-dose and 5 patients in the high-dose group (Table 2). 

For both dose groups combined, we observed a median 
change from baseline CDAI of -117.5 at 2 weeks (P = 
0.003), -120 at 4 weeks (P = 0.005), "146.5 at 8 
weeks (P = 0.005), and -148 at 16 weeks (P = 0.007). 
Figure shows CDAI scores, data are censored at the 
last observation before any change in concomitant 
Crohn's therapy or addition of other medication, and the 
last observation is carried forward. Table 3 summarizes 
the response rates as well as the remission rates according 
to the predefined criteria. At 4 weeks from the start of 
treatment, 25% of patients were in remission, and 67% 
had responded. At 4 months after the start of treatment, 
without additional medications, half the patients were in 
remission and 58% were responders. The response rates 
in both treatment groups were similar, though the small 
sample size of each group precludes precise conclusions. 
Three of 6 patients who did not respond to prior inflix- 
imab therapy showed a response after CNI-1493 admin- 
istration, of whom 2 entered remission. In parallel with 
the CDAI changes, we observed a median IBDQ increase 
from baseline of 21.5 at 2 weeks (P = 0.02), 36.5 at 4 
weeks (P = 0.01), 43 at 8 weeks (P = 0.007), and 33.5 
at 16 weeks (P = 0.002) in both groups combined 

Table 1. Patient Characteristics 



Table 2. Adverse Events 



8mg/m2 



25 mg/m2 



Gender (M/F) 
Age(yr)» 

Duration of disease (yr) 

CDAI*^ 

IBDQc . 

CDEIS^ 

Prior Intestinal resection (N) 
Fistulas 

Concomitant medication* 
Mesalamine 
Corticosteroids 
Azathioprine 
Prior infliximab (N) 



27.5 
5.7 
382.5 
103 
14.4 



0/6 

(19.8-35.6) 

(0.1-12.0) 

(288-507) 

(50-149) 

{7.&-25) 

1 
2/6 

1 
4 
4 

3 



2/4 

44.7 (18.7-54.4) 

13.8 (8.8-31.6) 
377.5 (284-440) 

82.5 (79-132) 
12.2 (1.7-24.3) 
5 
3/6 

3 
5 
4 
3 



Dally 
dose, 
mg/ni|2 



Daily 
dose, 



Body system/ 
adverse event 


8 


25 


Bodv fiv^t^m/ 
adverse ^vpnt 


o 






6 


6 


Any AE possibly/ 


6 


5 


Body genera! 






probably related 






2 


3 


Digestive/hepatic 


3 


5 


AOdominal pain 


0 


1 


Alk phos increase 


0 


3 


Asthenia 


1 


0 


Bilirubinemia 


1 


0 


Facial edema 


0 


1 


Nausea 


1 


1 


Ru syndrome 


1 


1 


SGOT increase 


1 


5 


Headache 


1 


1 


SGPT increase 


0 


5 


Cardiovascular 


2 


2 


Stomatitis 


0 


1 


Hematoma 


1 


0 


Nervous 


1 


0 


Phlebitis 


2 


2 


Dizziness 


1 


0 


Hematologic 


4 


2 


Respiratory 


1 ■ 


1 


Anemia 


2 


2 


Rhinitis 


0 


1 


Leukopenia 


1 


1 


Skin 


2 


0 


Thrombocytopenia 


1 


0 


Herpes Zoster 


1 


0 








Maculopapular rash 


1 


0 



-Values expressed as median (range); *CDAI; eiBDQ; ^DEIS; «Con. 
comltant Crohn's disease therapy. 



(Figure 3S). CRP levels decreased significantly during 
the first weeks of treatment (Figure 3C). At week 4, 16 
days after the end of therapy, endoscopic improvement 
was observed in all but 1 patient (Figure 3C and D), with 
a median change in CDEIS from baseline of -6 5 (P = 
0.006). 

Five patients suffered from active fistulizing CD, and 
closure of fistulae was observed in 4 patients during the 
study period (1 in the 8 mg/m^ and 3 in the 25 mg/m^ 
group). At baseline, 9 patients were receiving steroids, 5 
used prednisolone (mean, 21 mg; range, 10-40 mg), and 
4 used budesonide (all 9 mg). At week 8, steroids had 
been tapered in 8 patients (89%). In patients receiving 
prednisolone, the mean reduction was 12.5 mg at week 
8; in the budesonide group, the mean reduction was 5 
mg. CD-related arthralgia/arthritis was reported in 5 of 
12 study patients at baseline, but resolved in all during 
the study period. We concluded that a 12-day infusion 
with CNI-1493 was safe and induces significant endo- 
scopic healing and substantial clinical benefit in moder- 
ate to severe CD. 

CNI-1493 Iniiibits JNK Phosphorylation 
In Vivo 

To establish the eflFects of CNI-1493 treatment on 
MAPKs in vivo, paired biopsies (available from 6- pa- 
tients), taken before (day 1) and after (week 4) treatment 
with CNM493 were stained for phospho-JNK and .p38 
MAPK. The phospho-p38 MAPK staining was not con- 
sistent throughout all biopsies and thus, based on our 
immunohistochemistry, no assessment could be made of 
the effectiveness of CNI-1493 in inhibiting p38 MAPK 
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• 3. Number of Patients Showing a Response or Remission After Treatment With CNI.1493 



. Study day 



Dose group {mg/m^ 




8 


15 


29 


57 


•112 






Number (%) in remission/responding 




8 

25 
Overall 


Remission* 

Response* 

Remission 

Response 

Remission 

Response 


0 

2(33) 
0 

3(50) 
0 

5(42) 


0 

5(83} 
3(50) 
3(50) 
3(25) 
8(67) 


1(17) 
5(83) 
2(33) 
3 (50) 
3(25) 
8(67) 


2(33) 
4(66) 
3(50) 
3(50) 
5(42) 
7(58) 


3(50) 
4(66) 
3(50) 
3(50) 
6(50) 
7(58) 


Recurrence of a clinical remission, defined as a reduction of CDAI to below 150. occurring at least once after thp ct«rt «f . 
'Occurrence of a clinical response as defined by achieving a reduction of CDAI of S% and S 70 ^ f ^Jl T^""^' 
at least once after the start of treatment ° ^® compared with baseline, occuring 



in vivo. In contrast, treatment with CNI-1493 decreased 
the number of cells staining positive for active JNK 
(Figure IB). Quantitatively confirmation came from ex- 
periments in which the number of phospho-JNK posi- 
tive cells were counted in sections that were not coun- 
terstained with hematoxylin (in a blinded fishion). The 
MAPK inhibitor treatment strikingly reduced the num- 
ber of phospho-JNK positive cells in these biopsies (P = 
0.01, Figure 2B). We concluded that the clinical benefit 
of CNI.1493 coincides with reduction of active JNK. 

Effects on Local TNF-a Production 

The effectiveness of CNI-1493 treatment was fur- 
ther confirmed in patients and controls by staining for 
TNF-a, a proinflammatory cytokine that was reported to 
be under the regulatory control of JNK and p38 MAPK. 
Many TNF-a positive ceUs were found in the lamina 
propria (Figure 1£). After treatment with CNI-1493 the 
number of TNF-a positive cells in the colon mucosa 
significantly decreased, compared with the biopsies taken 
at time of screening (Figure IF). 

DiseussEon 

We tested CNI.1493, a synthetic guanylhydra- 
zone known to inhibit both JNK and p38 MAPK, in 
patients with moderate to severe CD. Although it is now 
generally recognized that inflammation involves the ac- 
tivation of stress-activated MAPKs. the actual impor- 
tance of these kinases in human pathology is poorly 
understood. CNI-1493 has been shown to be protective 
in several experimental models involving inflammatory 
cytokine excess; however, clinical experience with CNI- 
1493 is limited. In a phase I study, CNI-1493 was 
snidied in melanoma and renal cancer patients receiving 
high-dose IL-2.« CNM493 was well tolerated and in- 
hibited the IL-2-induced increase in TNF-a in a dose- 
dejpendent fashion. A pilot study of CNI-1493 in pa- 



tients with moderate to severe psoriasis showed a marked 
response in several patients to a brief course of therapy, 
which lasted for up to several months without fUrther 
therapy (data on file). 

In this pilot study, we show that CNI-1493 has 
significant therapeutic impact on severe CD, resulting in 
endoscopic healing, as well as remarkable and sometimes 
long-lasting clinical benefit. Concomitantly, the strong 
JNK phosphorylation observed in patients before the 
onset of treatment was reduced, implying that CNI- 
1493 treatment caused JNK inhibition in vivo. These 
results support the notion that inflammatory MAPKs are 
critically involved in the pathogenesis of CD. 

Immunohistochemical staining of colon biopsies for 
p38 MAPK did not yield consistent results, nor was a 
decrease in phosphorylated p38 MAPK staining detected 
after CNI-1493 treatment. In agreement, ditectly de- 
termining p38 MAPK activity, using immunopreci- 
pated p38 MAPK from colon biopsies in in vitro kinase 
assays (not shown), did not reveal an influence of (2vJI- 
1493 treatment on p38 MAPK enzymatic activity. To- 
gether with our data showing that CNI-1493 more 
potently inhibits JNK phosphorylation in LPS-stimu- 
lated PBMG in vitro and in mucosal inflammatory cells 
in vivo, our studies suggest that JNK is the more rele- 
vant target for CNI-1493 treatment. These findings 
would correspond weU with recent results obtained in 
our laboratory obtained .with TNBS-induced colitis in 
mice, which revealed that although the p38 MAPK 
inhibitor SB20358 effectively inhibited p38 MAPK 
enzymatic activity in these mice, no attenuation of dis- 
ease progression was observed.2J Hence, we favor the 
hypothesis that JNK inhibition underlies the clinical 
benefit of CNI.1493 in CD. but until more JNK-specific 
inhibitors are tested other possibilities must be kept in 
mind. 
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To our knowledge, this is the first article that reports 
immunocompetent ceUs within the inflamed human in- 
testinal lamina propria expressing phosphorylated INK 
and p38 MAPK. Whatever the exact nature of these 
underlying inflammatory JIAPKs, the present study in- 
dicates that activity of these kinases is essential for 
CD-pathogenesis. In this open-label pilot study we ob- 
serve that inhibition of these kinases may have significant 
chnical benefit, resulting even in endoscopic healing. As 
inhibition of such kinases may be achieved with small 
orally available, and reUtively cheap compounds we pro-' 
pose that such a therapy may constitute a promising 
novel avenue for the treatment of CD. 



""f tJ^Chamaillart M.Zouali H, Lesage S. Cezard JP. Belaiche 
J. Mmer S. Tysk C. O'Morain CA. Gassull M. Binder V. Rnkel Y 

J. Colombel JF. Sahbatou M. Thomas Q. Association of N0D2 

L«"c?ti"^ "^"^^ susceptibility to Crohn's dis- 

ease. Nature 2001;411:599-603 

^' H r'^u ^''^ Ramos R. 

S^«c Vi^"'? T Karaliuskas R. DuerrRH. Achkar JP, Brant SR, 
Bayless TM. Kirschner BS. Hanauer SB. Nunez G. Cho JH A 
frarneshift mutation In N0D2 associated with susceptibility to 
Crohn s disease. Nature 2001;411:603-606 

^' Zi2!r*!K ^^■J^^'^'' targeting TNF alpha as a key 

cytokine m the inflammatoiy processes of Crohn's disease-the 

iTstlXp" 4^. ^""^"^ "^^"^ 

4. van Dullernen HM. van Deventer SJ. Hommes DW. Byl HA. Jansen 

. Tytgat GN, Woody J. Treatment of Crohn's disease wirani 
tumor necrosis factor chimeric monoclonal antibody (cAz). Gas- 
troenterology 1995;109:129-135. 

5. Targan SR. Hanauer SB. van Deventer SJ, Mayer L, Present OH 

term study of chimeric monoclonal antibody cA2 to tumor necro- 
SIS factor alpha for Crohn's disease. Crohn's Disea^S^ sS 
Group. N Engl J Med 1997;337:1029-1035 ^ 

6. Kyriakis JM, Avruch J. Mammalian mltogervactlvated protein W- 
nase signal transduction pathways activated by stress and In- 
flammation. Physiol Rev 2001;81:807-869 

Pham«eolQg,cal profile of SB 203580. a selective Inhibitor of 
52 ir«rthZ' K "'"""^ protein/p38 kinase. In animal mod- 
ZZT^T' '«''°^"«'". endotoxin shock and immune 
ftmction. J Phamfiacol Exp Ther 1996;279:1453-1461 
r.^/'S; SchmidtmayerovaH Dennis J. OubrovskyL. Sherry B 
Wang H. Bukrinsky M. Tracey KJ. The critical role of p38^S 
kinase in T cell HIV-l replication. Mol Med 1997:3:33934^^ 
9. Cohen PS, Nakshatri H. Dennis J. Caraglne T. Bianohi M Cerami 
A, Tracey KJ. CNH493 Inhibits monocyte/macrophage tumS 

necrosis factor by suppression Of transl^on efnclency Proc^^^^^^ 
Acad Sd U S A 1996;93:3967-3971 

sStl!!;"""'' u' f °' M III. Zimmemian GA. 

iTin^sT''*^' ^'"^^"s'^y M. Donnelley T.Jucala R. Shem^ 

tS iJl.-^ M "'^^"^ ^"^^ 'nflammatlon and endo- 
toxin lethality. Mol Med 1995;1:254-266. 



l^^!^' °' "'""^ ^' "^^^ PS' Chesney J, Shen^. B, 
cZZlT^'^V!'^'"'^'^ ^- ^"^"^ '^' ^"'^""Sky M, Ulrich P 
«^^:IT^^- S"PP'««'''°" proinflammatory cytokines in 
lS7-936 ^ ^^^''^ g"anylhydrazone. j Exp Med 1996; 

12. Molina PE, Qian L. Schuhlein D. Naukam R, Wang H. Tracey KJ 
Abum^d NN. CNI.1493 attenuates hemodynamic and Sam! 
matory responses to LPS. Shock 1998;10-329-334 

J^'SilH' lr\i' "^'"^ ^"'^^'^'"^ ^' ''^^y ^- Norman 
Jjnhibmon of P38 mitogen activate kinase attenuates the se- 
verity of pancreatitis-induced adult respiratory distress svn- 
drome. Cm Care Med 2000;28:2567-2572 
14. Yang J. Denham W, Tracey KJ. Wang H. Kramer AA. Salhab KF 
^^/■^ Physiologic consequences of macrophage pacifi! 
cation dunng severe acute pancreaUtis. Shock 1998]lO:ie9- 

175. 

f ^ifL"^,"^'' ^'^^ A. Ulrich PC. MacPhall 

Zr^7. • P^«^«"tlon and treatment of experi- 

mental autoimmune encephalomyelitis by CNI-1493, a macroph- 
age^leactivating agent. J Immunol 1998;160:5588-5595 
16. Meistrell ME. III. Botchkina Gl, Wang H. Di Santo E. Cockroft KM 
Bloom 0. Vlshnubhakat JM. GhezzI P. Tracey K». T:.mor neL^s 

1997;8:34SJ8 

!f"^'''S«"='^'jM.SIngtetonJW. Kem F. Jr. Development of a 
Crohn s disease activity index. National Cooperative Crohn's Dis- 
ease Study. Gastroenterology 1976;70:439-444 

18. Guyatt G. Mitchell A. Irvine EJ. Singer J. Williams N. Goodacre R 
Tompkins C. A new measure of health status for clinical trials in 
inflammato(y bowel disease. Gastroenterology 1989;96:804- 

19. Maor JY. Modigliani R. Development and validation of an endo- 
scopic index of the severity for Crohn's disease: a prospective 
multicentre study. Qroupe d'Etudes Therapeutiques des Affec- 
98^98?'"'"^^°'''^* ^""^ (GETAID). Gut 1989;30: 

20. Waetzig GH. Seegert D. NIkolaus S. Rosenstlel P. Sfikas N. 
Schreiber S, Albrechts C. Differential activity and expression of 
mitogen-activated protein kinases in inflammatoiy bowel disease 
(abstr). Gastroenterology 2001;121:A522 

21. Hunt AE. Lali FV, Lord JD. Nelson BH. MIyazaki T. Tracey KJ 
fomvell BM. Role of Interleukin (IL>2 receptor betachain subdo- 
T^^^Tt^.!" •"'togervactivated protein (MAP) kinase 
and p54 MAP kinase (stress-activated protein Kinase/c-Jun N- 
terrnlnal kinase) activation. IL-2- driven proliferation is indepen- 

ty'^^l^^.V^.^^ J Biol Chem 1999; 

-:/4:7591-7597. 

22. Atkins MB. Redman B. Mier J. Gollob J. Weber J. Sosman J. 
MacPherson BU Piasse T. A phase I study of CNI.1493. an 
inhibitor of cytokine release, in combination with high^lose Inter- 
ReT2001-7'-26*49? "»lanoma. Clin Cancer 

23. Ten Hove T. van den Blink B, Pronk i, Drillenburg P, Peppelen- 
borch MP, van Deventer SJ. Inhibition of p38 MAPK with SB 
203580 in experimental colitis. Gut 2002;50 (in press). 



ReceVed July 16, 2001. Accepted November 2. 2001. 

Address requests for reprints to: Daan W. Hommes. M. D., Depart- 
Gastroenterology and Hepatology. Academic Medical Center. 
C2-116, Melbergdreef 9. 1105 A2 Amsterdam, the Netherlands. ► 
mall: a.w.hommesaamc4iva.nl; fax: (31) 20 566 9285. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the imageis include but are not Jimited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



